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SUMMARY

The current BNFL Inc. flow sheet for pretreating Hanford High-Level tank wastes includes the use of 
Superlig 639 (SL-639) in a dual column system for removing technetium-99 (99Tc) from the aqueous
fraction of the waste. This sorbent material has been developed and supplied by IBC Advanced 
Technologies, Inc., American Fork, UT. This report documents the results of testing the SL-639
sorbent with diluted waste ([Na+] ≈ 5 M) from Tank 241-AN-107 (an Envelope C waste, abbreviated 
AN-107) at Battelle Northwest Laboratories (BNW)

The equilibrium behavior was assessed with batch contacts between the sorbent and the waste. Two 
AN-107 samples were used:  1) an archived sample from previous testing and 2) a more recent 
sample collected specifically for BNFL. A portion of the archive sample and all of the BNFL sample 
were treated to remove Sr-90 and transuranic elements (TRU).  All samples had also been Cs 
decontaminated by ion exchange (IX), and were spiked with a technetium-95m (95mTc) pertechnetate 
tracer, 95mTcO4

-. The TcO4
- and total Tc Kd values, assumed equal to the 95mTc and 99Tc Kd’s,

respectively, are shown in Table S1. Values are averages of duplicates, which showed significant 
scatter. The total Tc Kd for the BNFL sample is much lower than the TcO4

- Kd, indicating that a large 
fraction of the 99Tc is not pertechnetate.

Table S1.  TcO4
- and Total Tc Kd Values

Sample Feed conditions TcO4
- Kd (mL/g)/

% Removal (1)
Total Tc Kd (mL/g)/
% Removal (2)

Archive
AN-107 (3)

Na = 5.70 M
Density = 1.256 g/mL
99Tc=55 µCi/L (3.2 mg/L) 
NO3/Tc = 6.8 x 104

350 / 75% Not Determined

Treated
Archive
AN-107

Na = 4.70 M
Density = 1.226 g/mL
99Tc=48 µCi/L (2.8 mg/L) 
NO3/Tc = 7.3 x 104

200 / 66% Not Determined

BNFL
AN-107
(Treated)

Na = 4.84 M
Density = 1.241 g/mL
99Tc=57 µCi/L (3.3 mg/L)
NO3/Tc = 5.4 x 104

500 / 80% 22 / 17%

1) Assumed equal to the 95mTc Kd.
2) Assumed equal to the 99Tc Kd.
3) Archive and Treated Archive 99Tc and NO3/Tc estimated from Blanchard et al. (1997) and 

Hallen, Bredt, Brooks and Jagoda (2000)

Small column testing was performed using a dual column system. The columns were arranged in 
series, and each contained a 4.7 mL bed, length/diameter = 6.0. The columns were used in a previous 
test, but the order was reversed. As a result of the previous test, the lead column at the start of this test 
was partially loaded and the lag column had been loaded and eluted to C/C0(

99Tc)= 1%.
Approximately 0.8 L of the BNFL AN-107 sample was processed in this column test. A 95mTcO4

-

tracer was used to follow the progress of the test. After elution of the first column with warm 
(53.5°C) de-ionized water, a second set of tests was performed to investigate the impact on 
subsequent loading of residual Tc on the column. A Tank AN-107 waste feed simulant and actual 
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Tank AN-107 waste feed were run through the eluted column to determine the amount of the residual 
99Tc that would bleed from the column, and to get an estimate of the fraction of extractable Tc in the 
waste.

A summary of performance measures from the small column tests is shown in Table S2. The λ value 
is the number of column volumes processed when C/C0 reaches 50%, and is a measure of the 
effective capacity of the resin. The λ value for the 95mTcO4

- tracer is approximately half that observed 
in a previous test of Tank 241-AW-101 waste. The initial DF’s for the 95mTcO4

- tracer for the 1st and 
2nd columns were much lower than the corresponding values for AW-101 (180 and 433, respectively), 
reflecting the partial loading of the columns from the previous test.

Results for 99Tc were dramatically different. The concentration of 99Tc in the effluent during 
“loading” was the same as or higher than in the feed, indicating that 99Tc was actually being eluted 
during this phase. Thus λ values could not be calculated, and the initial DF’s were less than or equal 
to 1. Approximately 170 bed volumes of the diluted AN-107 feed was processed through the SL-639
columns. The initial 99Tc C/C0 for the lead column was approximately 144%, and dropped to 126% at 
the end of the run. The initial 99Tc C/C0 for the lag column was approximately 98%, and rose to 127% 
at the end of the run. The difference between the 99Tc and 95mTcO4

- results is attributed to the high 
concentration of non-pertechnetate Tc in AN-107 feed. The concentration of 99Tc in the effluent 
composite is 59.3 µCi/L (3.47 mg/L), almost 50% higher than the expected average maximum 
allowed concentration. 

Table S2.  Summary of Performance Measures from Small Column Tests

λ Initial DFFeed Column
Effluent
Sampled

Flow
rate,

BV/hr

95mTcO4
-

Tracer

99Tc
Comp
DF,

95mTcO4
-

Comp
DF,
99Tc

95mTcO4
-

Tracer

99Tc

BNFL
AN-107

Col 1 6.1 125 (Eluted) NA NA 9.9 0.7

BNFL
AN-107

Col 2 6.1 NA (Eluted) 22 0.96 74 1

AN-107
Unspiked
Simulant

Col 1,
Post-
Elution

6.3 NA NA NA NA 20
(rel. to 
AN-107)

48
(rel. to 
AN-107)

BNFL
AN-107

Col 1,
Post-
Elution

6.1 NA NA NA NA 19 1.3

Only the lead column was eluted. The peak 99Tc concentration was 27 times the 99Tc concentration in the 
feed, and was found in the 2nd bed volume. After this the elution proceeded very slowly, requiring 46 BV of 
eluant (DI water at 50°C) for the 99Tc concentration to drop to C/C0 = 0.05. Tank AN–107 waste feed 
simulant containing no Tc was subsequently passed through the eluted column. The levels of 99Tc and 95mTc
found in the effluent were 2.5% and 5%, respectively, of that in the actual feed. Actual AN-107 waste feed 
was then passed through the column, and the 99Tc was found to immediately break through with a C/C0 of 
almost 80%. The 95mTc tracer immediately broke through with an initial C/C0 of about 5%. Washing of the 
loaded columns with 0.1 M NaOH was found to elute Tc slightly.
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TERMS, SYMBOLS, AND ABBREVIATIONS

AEA alpha energy analysis
ALARA as low as reasonably achievable
BNFL BNFL, Inc; subsidiary of British Nuclear Fuels, Ltd.
BV Bed Volume
DF decontamination factor
DL detection limit
EQL estimated quantitation level 
GEA gamma energy analysis
HLRF High Level Radiation Facility 
IC ion chromatography
ICP inductively coupled plasma/atomic emission spectrometry
ICP-MS inductively coupled plasma/mass spectrometry
λ lambda; the number of BV processed at 50% breakthrough
L/D ratio of bed height to bed diameter
MDL method detection limit
MRQ minimum reportable quantity
RPL Radiochemical Processing Laboratory
SAL Shielded Analytical Laboratory
TC total carbon
TIC total inorganic carbon
TOC total organic carbon
TRU transuranic
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1.1

1.0 INTRODUCTION

The current BNFL Inc. flow sheet for pretreating Hanford High-Level tank wastes includes the use of 
Superlig 639 (SL-639) in a dual column system for removing technetium-99 (99Tc) from the aqueous 
fraction of the waste. This material has been developed and supplied by IBC Advanced Technologies,
Inc., American Fork, UT.

This report documents the results of testing the SL-639 sorbent with Hanford tank waste samples from 
Tank 241-AN-107 (the 241 prefix, which is common to all Hanford tanks, will not be used hereafter). 
Batch contacts were performed with small samples to assess equilibrium behavior and to plan small 
column tests. A 0.8 L sample of diluted waste (@ 4.8 M Na) was processed in a small column test. The 
samples had been previously treated to reduce the concentrations of Sr-90 and transuranic (TRU) 
components and filtered to remove particulates (Hallen, Brooks and Jagoda, 2000; Hallen, Bredt, Brooks 
and Jagoda, 2000), and processed by IX to remove cesium-137 (Kurath et al., 2000).  The Tc removal 
process steps tested include loading, feed displacement, water rinse, elution, resin regeneration, and 
subsequent reloading of the eluted column. The Tc removal column system was used in a previous test of 
Tc removal from Tank AW-101 waste (Envelope A; Blanchard, Kurath and Bontha, 2000); the lead 
column in this test was already partially loaded from the previous test.

Most of the 99Tc in the liquid fraction of Hanford tank wastes is expected to be present as the 
pertechnetate anion (TcO4

-). Analyses of candidate LAW Envelope A and B feed samples indicate that 
95% (or greater) of the 99Tc is indeed present as TcO4

-. However, analyses of candidate LAW Envelope C 
feed samples (e.g., Tank 241-AN-102 and Tank 241-AN-107 samples) indicates that only 15% to 20% of 
the 99Tc is present as the TcO4

-. The BNFL Inc. Waste Treatment Plant (WTP) project uses a sorbent 
material that selectively removes the TcO4

- from LAW solutions. Therefore, the amount of Tc separated 
from LAW Envelope A and B feeds can approach 95% and that from Envelope C feed only ~20%. In 
order to comply with the ILAW glass product acceptance criteria by averaging 80% removal of the Tc 
present in the feed, the amount of Envelope C processed by the WTP will be limited. Similarly, the 99Tc
concentration in the ILAW glasses produced from Envelope C solutions are expected to exceed 0.1 Ci/m3,
but the average concentration of Envelope A, B, and C glasses together will be less than 0.1 Ci/m3.

The objectives of this work were to:

• Demonstrate the 99Tc decontamination of Envelope C (Tank AN-107) and provide a technetium-
decontaminated sample for downstream process testing (i.e. corrosion testing, Low Activity 
Waste (LAW) melter feed testing and LAW vitrification).

• Demonstrate the effectiveness of all SL-639 process steps including loading, feed displacement,
DI water washing, elution, resin regeneration, and subsequent reloading.

• Obtain process performance data for SL-639 at conditions different than those previously tested.

• Obtain process performance data for loading of SL-639 by AN-107 waste following partial 
loading by AW-101 waste.

• Investigate sorbent/waste chemistry, particularly the differences in the interaction of TcO4
- and 

non-pertechnetate Tc with the sorbent.

• Investigate the potential for exchanger fouling.
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2.0 EXPERIMENTAL

2.1 Tc Removal Column System

A schematic of the Tc Removal column system is shown in Figure 2.1. The system, which is mounted in 
a radiological fume hood, consists of 2 small columns containing the sorbent resin, a small metering 
pump, 3 valves, a pressure gauge and a pressure relief valve. The pump inlet tube was manually switched 
between the waste feed and various process solutions. Valves 1, 2 and 3 are three-way valves that can be 
turned to a flow position, a sample position or a no-flow position. Valve 1 is placed at the outlet of the 
pump and is used to eliminate air from the system, purge the initial volume of the system or isolate the 
columns from the pump. Valves 2 and 3 are primarily used for obtaining samples and may also be used to 
isolate the columns from the rest of the system.

The columns are Kontes Chromaflex chromatography columns made of glass with adjustable plungers on 
the bottom and the top. The inside diameter of the columns is 1.0 cm which corresponds to a volume of 
0.785 mL per cm of length. The columns are jacketed with a clear plastic to provide temperature 
regulation and a safety shield. The connecting tubing is a polyfluorinated plastic with 1/8-in OD and 
1/16-in ID. The columns are connected in series with the first column referred to as the lead column and 
the second column referred to as the lag column.  The pump is a FMI piston pump with the flow rate 
controlled from outside of the hood with a FMI stroke rate controller.  The pump was calibrated with the 
stroke rate controller and can provide pumping rates of approximately 0.5-50 mL/hr.  The volume 
actually pumped is determined using the mass of the fluid and the fluid density. 

The pressure relief valve is set at 40 psi, which is below the maximum operating pressure for the columns.
The pressure indicated on the pressure gauge remained below 5 psi during the run.  The total holdup 
volume of the system was estimated to be 14 mL (3 BV) with the holdup volume to valve 1 being 
approximately 2 mL (0.4 BV). The columns were used in a previous test of Tc removal from AW-101
waste (Blanchard, Kurath and Bontha, 2000), but the order was reversed. As a result, the lead column at 
the start of this test was partially loaded and the lag column had been loaded and eluted to 
C/C0(

99Tc)= 1%, where C and C0 are the concentrations of 99Tc in the effluent and feed, respectively.

2.2 SL-639 Resin and Bed Preparation

The SL-639 resin was supplied by IBC Technologies Inc. (American Fork UT) from batch 
# 980624001DC. The resin consists of a proprietary organic compound (ligand) attached to spherical 
styrene beads. The mean diameter of the beads (Dp) is reported by the manufacturer as 0.5 mm. SL-639
functions by extracting the sodium pertechnetate salt-pair (NaTcO4) from either acidic or basic solutions.

The resin was used for batch contacts with no pre-conditioning. The resin and beds were prepared for the 
column testing in the previous test of Tc removal from AW-101 (Blanchard, Kurath, and Bontha, 2000). 
The resin was slurried into the columns in DI water. The bed height was 6.0 cm, giving a bed volume of 
4.7 mL, and a length-to-diameter ratio (L/D) of 6. The number of beads per column diameter (1 cm) is 
approximately 20:1, which is at the low end of the range (20 –30) commonly assumed necessary to 
prevent wall affects during small-scale column testing. (The column size was chosen based on the bed 
size required for 50% breakthrough given the amount of sample available, and the desired L/D.) The 
columns were prepared for loading by flushing them with 14.4 BV (67.5 mL) of 1 M NaOH. This was 
done primarily to flush water from the beds to prevent precipitation of solids on introduction of the feed.
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2.3

2.3 Feed Preparation

The first set of batch contacts used a sample of waste from Tank AN-107 (Envelope C) archived after 
previous testing (Hendrickson et al., 1997). The original sample was removed from Tank AN-107 as
a grab sample in January 1997. It was diluted with 0.53 M NaOH to approximately 5 M Na and 
0.126 M OH. Particulates were allowed to settle, and the decantate was then Cs decontaminated using 
a crystalline silicotitanate ion exchanger, IE-911 (UOP). Details may be found in Hendrickson 
(1997). Several liters of this waste were received in six 1 L bottles in the Shielded Analytical 
Laboratory (SAL) at the Radiochemical Processing Laboratory (RPL) on May 23, 1997. Several of 
these bottles were loaded into the SAL hot cells later that summer for archival. This archived material 
was transferred to the High Level Radiochemistry Facility (HLRF) (also in the RPL) in July 1999, 
where the [OH-] of a subsample was adjusted to approximately 1 M. The subsample was then spiked 
with Sr(NO3)2 and NaMnO4 to precipitate native Sr and TRU. Development of this Sr/TRU removal
method is reported in Hallen, Bryan and Hoopes (2000), and treatment of the archived AN-107 is 
reported in Hallen, Brooks and Jagoda (2000). Portions of the untreated and treated samples were 
transferred to a radiological fume hood for batch contact testing. The untreated solution was opaque 
dark brown. The supernate of the treated sample was clear light brown, and a fine-grained black 
precipitate had settled to the bottom of the vial. Only the clear supernate was used for the contacts of 
the treated material. The “untreated archive AN-107” and “treated archive AN-107” samples referred 
to in this report are subsamples of samples MN-21 and MN-22, respectively, described in Hallen, 
Brooks and Jagoda, (2000).

Approximately 0.3 µCi of 95mTc (t1/2 = 61 days, decays to stable 95Mo) was added as ammonium 
pertechnetate (NH4TcO4) in 1 M ammonium hydroxide (NH4OH) to each of the archive AN-107
samples to act as a tracer for following the removal of TcO4

-. A 10-µL aliquot of the tracer solution 
was added to each 15 mL sample. The amounts of NH4TcO4 and NH4OH added to the waste are not 
expected to significantly change the physical or chemical properties of the waste. The amount of 
95mTc added to the waste (1.4E-10 moles) is small relative to the 99Tc already in each 15 mL waste 
sample (approximately 4.8E-7 moles, based on data in Blanchard et al., 1997), and is not expected to 
change either the TcO4

- Kd or the effective total Tc Kd. The additional 95Mo produced by 95mTc decay 
is also not expected to change the waste properties. Batch contacts using these samples were 
performed September 27 - October 1, 1999.

A second sample of waste from Tank AN-107 (Envelope C) was received in the HLRF during the 
4th quarter of 1998.  The homogenization, dilution, and subsampling are described in Urie et al. 
(1999). This sample was processed to remove Sr-90 and TRU in September 1999 in the same fashion 
as the archive sample. The [OH-] of the sample was adjusted to approximately 1 M and it was spiked 
with Sr(NO3)2 and NaMnO4 to precipitate native Sr and TRU. In addition, it was filtered in a single 
tube cross-flow filter to remove entrained solids using a 0.1 micron sintered metal Mott filter. A 
complete description may be found in Hallen, Bredt, Brooks and Jagoda (2000). The clarified AN-
107 sample was then transferred from the HLRF to the SAL hot cells for Cs IX testing using 
Superlig644.  Following Cs IX, described in Kurath et al. (2000), the feed was removed from the hot 
cell and transferred to a radiological hood containing the Tc removal column system.

A 100-mL aliquot of this feed was set aside, and then approximately 0.5 mCi of 95mTc was added to 
the remainder (approx. 1.5 L), to act as a tracer to follow the progress of TcO4

- removal. The tracer 
was added as NH4TcO4 in 1 M NH4OH. The amounts of NH4TcO4 and NH4OH added to the waste 
(4E-5 g and 0.875 g) are not expected to significantly change the physical or chemical properties of 
the waste. The amount of 95mTc added to the waste (2.2E-05 g) is small relative to the 99Tc already in 
the waste sample (8.4E-03g), and is not expected to change either the TcO4

- Kd or the effective total 
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Tc Kd. The additional 95Mo produced by decay is also not expected to change the waste properties. 
Batch contacts with this feed were performed November 8 - 12, 1999. Column tests with this feed 
were performed November 4 - 11, 1999. The feed is referred to in this report as the “BNFL sample” 
or “BNFL feed” or “Tc removal feed.” The density of this feed was determined with a 25 mL
volumetric flask and a 4-place analytical balance.

Based on previous work (Blanchard, Kurath and Bontha, 2000; Blanchard, Lawrence, Kurath and 
Golcar, 2000), the 95mTc pertechnetate tracer is expected to remain as TcO4

- after addition to the waste 
samples, and not form 95mTc non-pertechnetate species. Because the amount of the 95mTc tracer added 
to the samples is very small relative to the amount of 99Tc already present (less than 1/100th for the 
archive samples and less than 1/1000th for the BNFL sample) the added tracer is not expected to 
change the observed Kd’s. It acts only as an indicator of the TcO4

- Kd.

2.4 Batch Contact Procedure

The batch Kd tests were performed at a phase ratio of approximately 100 (liquid volume to exchanger 
mass), with 0.05 g of exchanger contacted with 5 mL of solution.  The exchanger mass was 
determined to an accuracy of 0.0001 g.  The waste volume was transferred by pipette and the actual 
volume was determined from the mass difference (0.0001 g accuracy) and the solution density.
Agitation was provided by a back-and-forth shaker set at 180 cpm for approximately 96 hours. The 
temperature was not controlled, and varied between approximately 22.5°C and 25.0°C over the course 
of the 4-day contacts.

The archive AN-107, treated archive AN-107, and BNFL AN-107 samples were tested. All Kd

measurements were made in duplicate and blank samples were used to determine the initial 
concentration of the species of interest. All solutions were analyzed by gamma spectroscopy to 
determine the 95mTcO4

- concentrations and Kd’s. The 99Tc concentrations in the BNFL samples were 
determined by Inductively Coupled Plasma-Mass Spectroscopy (ICP-MS). The concentrations of 
various components of the BNFL feed were determined as described in Section 2.5 below.

The batch distribution coefficient, Kd (with units of mL/g), was determined using the following 
relationship;

F*M

V
*

C

)C-C(
=K

1

10
d

where C0 and C1 are the initial and final concentrations, respectively, of the species of interest 
(i.e., 95mTcO4

- and 99Tc), V is the volume of the liquid sample (mL), M is the mass of resin used for 
the contact (g), and F is the mass of a sample of dried resin divided by its mass before drying. The 
resin was sampled for F factor determination at the same time resin samples for the contacts were
tared in order to minimize changes due to atmospheric humidity.

2.5 Column Test Procedure and Conditions

The experimental conditions for each process step of the column test are shown in Table 2.1.  In 
general the flow rates were maintained as close as possible to the recommended values but in some 
steps the total volume of the process solutions was increased in an attempt to ensure adequate 
flushing of the system, as for instance, in the column preparation with 1.0 M NaOH. Only the lead 
column was eluted. The bed preparation, loading, feed displacement and regeneration steps were 
conducted by passing these solutions through both resin beds connected in series.  The DI water rinse, 
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elution and elution rinse were conducted on only the lead column, as were the follow-on tests to 
reload the eluted column.

Table 2.1.  Experimental Conditions

Process step Solution
Total Vol.,
BV (mL)

Flow Rate,
BV/hr (mL/hr)

Time
(hr)

Column prep 1.0 M NaOH 18 (83) 11 (50) 1.67

Loading AN-107 Feed 170.5 (801.3) 6.1 (28.8) 28.1

Feed displacement 0.1 M NaOH 7.5 (35.1) 3.0 (14.0) 2.5

Rinse
(Lead Column)

DI water 2.1 (9.7) 3.1 (14.5) 0.7

Elution
(Lead Column)

DI water @
@ 53.5°C

46.1  (216.8) 1.0 (4.8) 45.7

Eluant rinse
(Lead Column)

DI water 4.1  (19.2) 6.1  (28.9) 0.7

Regeneration 1.0 M NaOH 6.4  (30.2) 6.4  (30.2) 1.0

Simulant Loading
(Lead Column)

AN-107 Simulant
(No Tracer)

13.4 (62.8) 6.3 (29.4) 2.1

Feed Displacement
(Lead Column)

0.1 M NaOH 4.9  (23.0) 3.7  (17.2) 1.3

Loading
(Lead Column)

AN-107 Feed 29.8 (139.9) 6.1 (28.8) 4.9

Regeneration
(Lead Column)

1.0 M NaOH 4.6 (21.8) 3.5 (16.4) 1.3

Elution was performed using DI water at 53.5°C. A recirculating water bath was used to circulate 
heated water through the column jacket, and the feed tube to the column was taped (approx. 12” 
length) to the much larger tube carrying warm water to the jacket. Although faster than in a previous 
test using room temperature 0.5 M nitric acid as the eluant, elution was still relatively slow. It was 
halted when C/C0 for the 95mTcO4

- tracer reached 13%, instead of the target 1%, in order to limit the 
cost of the run, as per discussion with the BNFL Pretreatment Technical Manager (M.E. Johnson). To 
determine the extent to which the residual Tc on the column would affect the next loading cycle, 
simulant without the tracer was passed through the column after regeneration. The BNFL actual 
AN-107 feed (with tracer) was then passed through the column for the same reason and to assess the 
fraction of pertechnetate Tc.

The adjustable plungers at the top of each column were used to minimize the volume of solution 
above each of the resin beds.  The bed volumes changed less than 0.2 cm (0.16 mL or 3.3 %) during 
the run. The height of liquid above the beds was kept to less than 0.5 cm (0.4 mL).

The sampling and analysis protocol is shown in Table 2.2.  The TcO4
- C/C0 was determined in all 

samples by counting the 95mTc gamma emission at 205 KeV with a portable gamma spectrometer. The 
C/C0 were determined by taking the ratio of the peak areas of the feed and the effluent samples. The 
feed sample was recounted periodically (at least every 24 hours) to minimize the effects of the 95mTc
decay. This method allowed near real time analysis of the behavior of TcO4

- in the samples.  The 
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response time was limited by the rate at which samples could be removed from the hood. The 99Tc
activities were determined in selected samples by ICP-MS after the run was concluded. ICP was used 
to determine sodium and other elemental concentrations.  Free hydroxide ion concentrations were 
determined by titration with standard hydrochloric acid solutions. Total inorganic carbon was 
determined by evolution of CO2 from an acidified, heated sample, and total organic carbon was 
determined by evolution of CO2 from the same sample after subsequent addition of persulfate with 
heating. A sample of the feed was analyzed for 99Tc by ICP-MS, and for nitrate by IC. Data on other 
analytes collected during these analyses are also reported. 

Table 2.2.  Sampling Interval and Analyses

Process Step Lead Column
BV

Lag Column
BV

Approx. Sample 
Vol. (mL)

Analyses

Column prep - - - -
Loading Every 10 BV Every 20 BV 2 ICP-MS
Feed displmt - Every 1 BV 5 ICP, ICP-MS, OH
DI water rinse Every 1 BV - 5 ICP, ICP-MS, OH
Elution Every 1 BV - 5 ICP-MS
Eluant rinse Every 1 BV - 5 ICP-MS
Regeneration - 1 composite 30 ICP, ICP-MS, OH
Sim. Loading Every 1 BV - 5 ICP-MS
Feed displmt Every 1 BV - 5 ICP-MS
Loading Every 1 BV - 5 ICP-MS
Regeneration Every 1 BV - 5 ICP-MS
Composite Samples
Effluent
(Initial Loading)

- 1 composite 5 ICP-MS

Eluate 1 composite - 22 ICP, TIC, TOC, OH
ICP-MS, Radchem

During the loading phase, the treated effluent was collected in an effluent bottle except for the small 
(2 mL) samples that were taken.  A composite sample from the effluent bottle was analyzed for 99Tc
by ICP-MS. The regenerate was collected in one 30 mL batch. A sample was analyzed for 99Tc, Na 
and OH-. The rest of the samples were collected in approximately 1 BV aliquots. A composite sample 
of the eluate was prepared and submitted for ICP-MS, ICP, TOC, TIC, OH and various radiochemical 
analyses (total alpha, Sr-90, GEA).

The λ value, which is the number of column volumes of feed processed when C/C0 = 50%, may be 
predicted from a batch contact Kd by the relationship λ = Kd * ρB, where ρB is the bed density of the 
resin in the waste. Since the SL-639 resin did not swell or shrink in any of the solutions processed, ρB

is equal to its dry bed density, 0.49 g/mL (Kurath et al., 1999). The experimental λ values from 
breakthrough curves were determined from a linear fit of the breakthrough data plotted on a 
linear-linear scale. Initial DF’s were calculated as C0/C1, where C1 is the concentration in the first 
sample collected from each column.
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3.0 RESULTS AND DISCUSSION

3.1 Feed Composition

The compositions of the treated and untreated archive AN-107 samples used for batch contacts are shown 
in Table 3.1. A limited number of analyses were performed, as testing of these samples was primarily in 
preparation for testing the BNFL AN-107 sample. The 99Tc concentration and the NO3

-/99Tc mole ratio in 
the untreated archive sample are estimated from previous work with this material (Blanchard et al., 1997). 
The 99Tc concentration and the NO3

-/99Tc mole ratio in the treated archive sample are estimated based on 
dilution of, and addition of NO3 to, the untreated sample during treatment (Hallen, Brooks and Jagoda, 
2000).

The composition of the BNFL Tc removal feed is also shown in Table 3.1. The concentrations of Na and 
Al were determined by ICP-AES and the values presented in Table 3.1 are averages of the analyses for 
the filtrate from the Sr/TRU removal process, cesium IX feed, Tc removal feed, Tc removal effluent and 
sulfate removal feed. The concentrations of K, Cr and P were also determined by ICP and are averages of 
analyses for the filtrate from the Sr/TRU removal process and the cesium IX feed. Anionic forms for Al, 
Cr and P are assumed on the basis of waste chemistry. Additional anion concentrations were determined 
by IC analyses of the feed and effluent for the Tc removal tests. This compilation is assumed valid since 
the non-radioactive cations and anions indicated are not greatly affected by the Cs and Tc removal 
processes. The hydroxide (OH-) concentration is estimated based on data in Urie et al. (1999) corrected 
for chemical additions during the Sr/TRU precipitation. The feed had a light brown color that has been 
attributed to the presence of organic compounds. The 99Tc concentration was determined by ICP-MS of 
the Tc removal feed. Data from individual analyses may be found in Appendix A, Kurath et al. (2000), 
and Hallen, Bredt, Brooks and Jagoda (2000).

The total anion normality, 4.62 N, is lower than the total cation normality, 4.86 N. This is probably 
mostly due to the presence of anionic complexants for which analyses were not performed. For example, 
previous analyses of an AN-107 tank waste grab sample (Campbell et al., 1998) indicate concentrations 
of acetate and formate of 0.13 mole/kg and 0.12 mole/kg, respectively. Data in the same report indicate 
concentrations of nitroso-iminodiacetate (NIDA), nitrilotriacetate (NTA), citrate, N-(2-
hydroxyethyl)ethylenediaminetriacetate (HEDTA), ethylenediaminetriacetate (ED3A), and 

ethylenediaminetetraacetate (EDTA) ranging from 1.7 X 10-3 moles/kg (HEDTA) to 3.1 X 10-2 moles/kg 
(citrate). All of these complexants are expected to be in their anionic form in the waste, and carry full 
anionic charges of -2 to -4, resulting in normalities 2 to 4 times their observed molarities. The sum of the 
anionic normality of these species is 0.48 equivalents per kg waste. (See appendix for details.) Campbell 
et al. (1998) claim 86% of the TOC in the sample was accounted for by their analyses, so there may be 
more anionic complexants that were not discovered. The feed sample used in this study was treated with 
permanganate and diluted relative to the sample analyzed by Campbell et al. (1998), so a direct 
comparison is not appropriate, but the data indicate that the complexants and complexant fragments
present in the waste represent a significant contribution to the anionic concentration.
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Table 3.1.  Composition of Envelope C (AN-107) Tc Removal Feeds

Archive AN-107
(Untreated)

Treated
Archive AN-107

BNFL AN-107
(Treated)

Cations, M

Na+ 5.70 4.70 4.84

K+ 2.14E-2 1.90E-2 1.90E-2

Anions, M

AlO2
- (1) 6.19E-3 4.82E-3 8.7E-2

Cl- N. D. N. D. 1.4E-2

CO3
2- N. D. N. D. 5.7E-1

CrO4
-2 (1) 1.37E-3 8.20E-4 8.81E-4

NO2
- N. D. N. D. 6.2E-1

NO3
- N. D. N. D. 1.82

OH- 0.87 0.74 8E-1 (2)

PO4
-3 (1) 7.46E-3 6.49E-3 1E-2

SO4
-2 N. D. N. D. 4.2E-2

Oxalate N. D. N. D. 1.6E-2
99Tc and Competing Ion Ratios

99Tc, µCi/L (mg/L) (ICP-MS) 55 (3.2) (3) 48 (2.8) (3) 57.1 (3.34)

NO3
-/99Tc

mole ratio
6.8E+4 (3) 7.3E+4 (3) 5.39E+4

CrO4
-2/99Tc

mole ratio
N. D. N. D. 26.1

Solution Density, g/mL 1.256 1.226 1.241

1) Determined by ICP.  Anionic form is assumed on the basis of waste chemistry.
2) Estimated. See text.
3) Estimated using data from Blanchard et al. (1997) and Hallen, Brooks and Jagoda (2000). 
4) N. D. indicates that the concentration of this analyte was not determined.
5) The raw analytical results may be found in the appendix.

A series of analyses were also performed to determine the fraction of 99Tc present as TcO4
- in the archive 

sample, in the treated archive sample, and in the BNFL sample. The samples were prepared for counting 
of 99Tc in three different ways: 1) extraction of TcO4

- (no oxidation), 2) extraction of TcO4
- following 

oxidation by Ce(IV)/8 M HNO3/heating and 3) extraction of TcO4
- following oxidation by potassium 

permanganate (KMnO4). The procedures are given in more detail with the raw data in the appendix. 
Results are shown in Table 3.2.

The treated archive sample used for this analysis was processed differently than that used for the batch 
contacts. The target concentrations of OH-, Sr(NO3)2 and NaMnO4 were slightly lower. Details may be 
found in Hallen, Brooks and Jagoda (2000). Results in Table 3.2 for the “Archive AN-107” are from the 
samples designated MR-01 and MR-02 in that report, except they were not acid digested prior to the 
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indicated analyses. MR-02 is the same as MR-01, but was filtered prior to analysis. Results were within 
error for these two samples, as well as for a duplicate of MR-01, so all three sets were averaged. Results 
for “Treated Archive AN-107” are from sample MR-03, prior to acid digestion. Note that MR-03 was 
diluted relative to the untreated archive samples, so the total Tc concentration should be lower, as 
observed. The difference is not completely accounted for by the dilution; the remaining Tc loss is 
probably due to precipitation of some of the non-pertechnetate Tc with the Sr and TRU. Radiochemical 
analysis of the precipitated solids for the archive sample was not performed, but analysis of precipitated 
solids from the BNFL AN-107 sample did show significant Tc-99 present (Hallen, Bredt, Brooks and 
Jagoda, 2000). The “BNFL AN-107” results are from a sample of the same material used for the batch 
contacts and the column test reported herein. The raw data for all samples may be found in the appendix.

Table 3.2.  TcO4
- and Total Tc Concentrations in Envelope C (AN-107) Tc Removal Feed

Archive AN-107 Treated Archive
AN-107

BNFL AN-107
(Treated)

TcO4
-, µCi/L

(No Oxidation)
16.5 17.4 13.0

Total Tc, µCi/L
(Ce(IV) Oxidation)

53.0 43.5 36.3

TcO4
- Percentage 31% 40% 36%

Total Tc, µCi/L
(KMnO4 Oxidation)

54.6 43.5 38.6

TcO4
- Percentage 30% 40% 34%

Results using the two different oxidation methods are consistent. The absolute concentration of TcO4
- in 

the treated archive sample is slightly higher than in the untreated sample, suggesting that some of the non-
pertechnetate was oxidized to TcO4

- by the permanganate added for the Sr/TRU precipitation. Combined
with the apparent precipitation of non-pertechnetate Tc, the percentage of TcO4

- increases significantly 
due to the treatment. The lower TcO4

- percentage found in the (treated) BNFL AN-107 relative to the 
treated archive sample is consistent with the observation that the non-pertechnetate slowly converts to 
TcO4

- if the sample is not located in a high radiation field (i.e., after removal from the tank; Schroeder, 
2000). The archive sample was removed from Tank AN-107 approximately 18 months before the BNFL
sample.

The total 99Tc concentrations determined for the BNFL AN-107 sample by the two oxidation methods are 
approximately 34% lower than that determined by ICP-MS (57.1 µCi/L; see Table 3.1 above). Recovery 
of a matrix spike added to duplicate samples was above 93% in all cases, so the discrepancy is evidently 
not due to losses during the analytical procedures. It’s possible that even these vigorous oxidations did not 
recover all the 99Tc. In a previous study, the same Ce(IV) oxidation recovered 82% of the Tc found by 
ICP-MS (Blanchard et al., 1997).

It’s also possible that the concentration determined by ICP-MS is higher than the actual. This technique 
determines the mass of material at a given mass-to-charge ratio (m/z). Ruthenium-99 (99Ru) is one of 
seven stable, naturally occurring Ru isotopes. If present, it will appear at the same m/z as 99Tc.
Examination of the mass spectrum indicated that there were some ruthenium (Ru) isotopes present, but 
they did not exhibit a natural abundance distribution, so they were assumed to be fission products. Since 
fission produces only a vanishingly small amount of stable 99Ru, all signal at m/z=99 was assumed to be 
99Tc. If some natural Ru was present from impurities in another chemical added during processing, 
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however, there would be 99Ru present that was counted as 99Tc. An error in the 99Tc activity due to this 
source is expected to be very small, but it allows us to assume that the activity determined this way is an 
upper bound to the total Tc present. If this higher value of the total Tc is used, the fraction of TcO4

-

present is calculated to be 23%. So taking the true value to be intermediate between this value and those 
given in Table 3.2, the fraction of TcO4

- is given as (29 ± 10)%, where the error estimate is conservative.

3.2 Batch Contacts

Results of the batch contacts are shown in Table 3.3. (The complete data table may be found in the 
appendix.) The Sr/TRU precipitation used for the treated archive sample and the BNFL sample diluted 
the 99Tc relative to the archive sample. The use of permanganate (MnO4

-) for the precipitation is expected 
to have oxidized various organic and inorganic components. These changes are expected to result in 
different observed TcO4

- Kd’s for the three different solutions. However, the relatively large differences 
between the archive duplicates and between the BNFL duplicates makes it difficult to discern these true 
differences. The large differences between duplicates are attributed to poor resin/solution contact. This 
would prevent true equilibrium, and is suspected because transfer of resin beads out of the liquid and onto 
the sides of the vials or inside of the caps has been previously observed when the resin floats in or on the 
solution.

At least some of the resin floated in all three solutions. The largest fraction of the resin floated in the 
treated archive sample, with almost all the resin beads at the surface and the remainder suspended in the 
liquid. In the untreated archive sample and the BNFL sample most of the resin was suspended in the 
liquid, with small amounts of resin at the bottom and at the surface. It is not clear why a greater 
percentage of the resin floated in the treated archive sample (density = 1.226) than in the untreated 
archive sample (density = 1.256) and the BNFL AN-107 sample (density = 1.241). Vials were checked 
once or twice daily for resin on the vial sides and cap. None was observed, but it may have occurred 
between inspections. Transfer of relatively few resin beads to the sides or cap may significantly skew the 
results due to the small sample of resin used for the contacts. The small resin sample was driven by the 
required phase ratio and the small amounts of sample available.

The large difference between TcO4
- removal (measured by the 95mTcO4

- tracer) and total Tc removal 
(measured by 99Tc) in the BNFL sample is easily discerned. The lowest TcO4

- removal was 64.5%, while 
the highest total Tc removal was 22.3%. The observed total Tc removal is expected to be an average of 
the removal of each different Tc species, weighted by the molar amounts of each species. The difference 
between the TcO4

- and total Tc results therefore indicates a significant amount of inextractable non-
pertechnetate. If the non-pertechnetate is assumed to be completely inextractable, the fraction of 
non-pertechnetate is calculated to be 79%. The large difference between the Kd’s indicates that it is 
reasonable to assume that little or none of the 95mTc pertechnetate tracer is converted to non-pertechnetate.

The total Tc Kd’s for the BNFL AN-107 sample are very similar to those observed previously at Battelle 
for untreated samples of the same feed (Kd’s of 13 – 21, representing 11% to 16% removal; (Kurath et al., 
1999), and are similar to those observed previously at SRTC using a phase ratio of 10 instead of 100 (Kd’s
of 4 to 5, representing 27% removal; Hassan, 1997).

Based on these Kd’s the predicted λ value for 95mTcO4
- in BNFL AN-107 is between 150 BV and 347 BV. 

Comparison with the treated archive AN-107 Kd’s suggests it will be closer to 150 BV than to 347 BV. 
The predicted λ value for 99Tc in BNFL AN-107 is between 6.4 BV and 14.7 BV. This prediction, 
however, is based on the implicit assumption that all the 99Tc present is extractable, which is not correct. 
Therefore this prediction is of limited use. 
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Table 3.3.   TcO4
- and Total Tc Kd Values

Sample Feed conditions TcO4
- Kd (mL/g)/

% Removal (1)
Total Tc Kd (mL/g)/

% Removal (2)
Archive
AN-107 (3)

Na = 5.70 M
Density = 1.256 g/mL
99Tc=55 µCi/L (3.2 mg/L)
NO3/Tc = 6.8 x 104

257 / 70.5% Not Determined

Archive
AN-107 Dup

Na = 5.70 M
Density = 1.256 g/mL
99Tc=55 µCi/L (3.2 mg/L) 
NO3/Tc = 6.8 x 104

445 / 80.9% Not Determined

Treated Archive
AN-107

Na = 4.70 M
Density = 1.226 g/mL
99Tc=48 µCi/L (2.8 mg/L) 
NO3/Tc = 7.3 x 104

186 / 64.5% Not Determined

Treated Archive
AN-107 Dup

Na = 4.70 M
Density = 1.226 g/mL
99Tc=48 µCi/L (2.8 mg/L) 
NO3/Tc = 7.3 x 104

211 / 67.3% Not Determined

BNFL
AN-107
(Treated)

Na = 4.84 M
Density = 1.241 g/mL
99Tc=57 µCi/L (3.3 mg/L)
NO3/Tc = 5.4 x 104

708 / 87.0% 30 / 22.3%

BNFL
AN-107
(Treated) Dup

Na = 4.84 M
Density = 1.241 g/mL
99Tc=57 µCi/L (3.3 mg/L)
NO3/Tc = 5.4 x 104

303 / 74.1% 13 / 11.3%

1) Assumed equal to the 95mTc Kd.
2) Assumed equal to the 99Tc Kd.
3) Archive and Treated Archive 99Tc and NO3/Tc estimated from Blanchard et al. (1997) and 

Hallen, Bredt, Brooks and Jagoda (2000)

3.3 Column Test: Loading (Breakthrough Curves) and Feed 
Displacement

Column preparation with 1.0 M NaOH was completed by 11:00 AM on November 3, 1999. The columns 
were left in 1.0 M NaOH overnight, and column loading with the BNFL AN-107 sample was started at 
6:00 AM the next morning. Small samples (about 2 mL) were collected from the lead column every 
10 BV of feed and from the lag column every 20 BV of feed.  The initial samples were collected from the 
columns after just 10 BV to determine the maximum decontamination factors (DFs). (The DF of a sample 
is defined as C0/C.)  The loading phase generally went well. A few (less than 50) resin beads were 
observed to float above the top of the column. 
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The 99Tc and 95mTcO4
- concentrations in the load effluent samples are shown in Figure 3.1 as % C/C0 vs. 

the bed volumes of feed processed through each column. The C0 value for 99Tc was 57.1 µCi/L
(3.34 mg/L). The initial 95mTcO4

- C0 was 1820 counts/min/mL of sample. This decayed to 1664 
counts/min/mL of sample by the end of the run. The 95mTcO4

- C0 was recounted periodically to account 
for this decay. The C/C0 value of 0.70 (i.e., 70%) is marked on the plot. This corresponds to the expected 
maximum allowed effluent concentration needed to meet the average 99Tc limit in the LAW glass 
(0.1 Ci/m3).  The % C/Co values for 99Tc and 95mTcO4

- in the effluent composite are also shown on the 
plot.

Figure 3.1. 99Tc and 95mTcO4
- Breakthrough Curves, First and Second Columns

The 95mTcO4
- data form fairly typical breakthrough curves, with the exception that the breakthrough curve 

for the first column is about 10 percentage points higher than expected for a fresh column. This is 
attributed to the use of a column that was still partly loaded from a previous run, as described in the 
experimental section. The breakthrough is comparable to that on the last sample taken from this column at 
the end of the previous run (C/C0 = 14.8%). However, a direct comparison cannot be made as the ratios of 
95mTc to 99Tc are not the same on the column and in the feed due to the decay of the 95mTc loaded on the 
column, and probable differences in the amount of tracer added to the two different feeds. There is a 
relatively high initial breakthrough on the second column (C/C0 = 1.3%). This may be due to bleed of 
residual Tc from the column, which was previously loaded and eluted. For comparison, C/C0 = 0.6% on 
the second column when C/C0 = 9% on the first column during the AW-101 test.

0

50

100

150

0 50 100 150 200 250

Column 1, 99Tc

Column 2, 99Tc

Column 1, 95mTcO
4

-

Column 2, 95mTcO
4

-

Eff Comp, 99Tc

Eff Comp, 95mTcO
4

-

T
c 

C
/

C
0 (

%
)

Bed Volumes Processed

Feed = AN-107 @ 4.8 M Na
Feed Rate = 6 BV/hr
1 BV = 4.7 mL

T = 24 (± 1) oC
Resin: SuperLig 639

C
0
(99Tc) = 57.1 µCi/L

             = 3.34 mg/L

LAW glass limit, 0.1 Ci/m 3

(0.040 Ci/m 3 in feed)

95mTcO
4

-        = 125λλ
5050



3.7

In sharp contrast to the 95mTcO4
- data, the 99Tc data indicate that 99Tc was eluted from the column during 

the “loading” phase. The initial C/C0 of approximately 145% decreased over the first 100 BV to 
approximately 125%, where it levels off. The initial 99Tc C/C0 for the lag column effluent is slightly less 
than 100%, then also climbs to approximately 125%. The behavior of the 99Tc is attributed to the presence 
of a large fraction of non-pertechnetate Tc in the AN-107 feed and to the use of a column that was still 
partially loaded from a previous run, as described.

The initial DFs for 99Tc for the first and second columns (derived from the 99Tc concentration in the first 
sample from each column) are 0.7 and 1, respectively. The corresponding initial DFs for TcO4

- (similarly 
derived from the 95mTcO4

- C/C0 in the first sample from each column) are 9.9 and 74. These were also the 
maximum DFs observed for 95mTcO4

-.

The λ value is the number of bed volumes of processed feed at which the C/C0 value reaches 50% (0.5) 
and is a direct indicator of the effective capacity of the resin. Since the 99Tc C/C0 was never below 50% 
for either the lead or lag columns, 99Tc λ values could not be calculated. The 95mTcO4

- λ value for the lead 
column is 125. The 95mTcO4

- breakthrough on the second column at the conclusion of the loading phase 
was sufficiently low (approximately 25%) that extrapolation to determine the λ value is not practical. 

The overall 99Tc DF was 0.96 (99Tc was added to the feed by the process) and the concentration of 99Tc in 
the effluent composite is 59.3 µCi/L (3.47 mg/L), 1.5 times the expected maximum allowed concentration 
needed to meet the average 99Tc limit in the Envelope C LAW glass (0.1 Ci/m3). The overall 95mTcO4

- DF 
was 22.5. The corresponding C/C0 values are shown in Figure 3.1.
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The 95mTcO4
- breakthrough curves for AN-107 are compared to those for AW-101 in Figure 3.2. The 

affect of the partially loaded lead column on the initial C/C0 for AN-107 is clear.

Figure 3.2.  Comparison of 95mTcO4- Breakthrough Curves for AW-101 and AN-107, First and Second 
Columns

Feed displacement was started immediately after the last load sample was collected. The beds were 
flushed in series with 7.5 BV of 0.1 M NaOH at 3.0 BV/hr to displace the feed prior to elution. 
(Direct contact of the feed and the eluant, DI water, would result in precipitation of some of the feed 
components.) The feed tube was transferred to the feed displacement solution prior to collection of the 
last load sample to reduce feed holdup in the feed displacement samples. The brown color indicative of 
feed began to lighten with the 4th feed displacement sample.
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The 99Tc and 95mTcO4
- concentrations in the feed displacement samples taken after the second column are shown 

in Figure 3.3 as C/C0 vs. the bed volumes of feed displacement processed through the columns. The C/C0 from the 
last load effluent sample from the second column is also shown on the plot. The 95mTcO4

- C/C0 of the feed 
displacement samples drop off only slightly (from 25% to 20%) for the first 5 BV. After this the C/C0 rises 
significantly, signaling elution. After the second point confirmed that the 95mTcO4

- was eluting, the feed 
displacement was stopped, at C/C0 = 55%. The subsequent DI rinse was performed only on the first column to 
minimize this elution.

Figure 3.3. 99Tc and 95mTcO4
- C/C0 for Feed Displacement

The general behavior of 99Tc is similar to 95mTcO4
-, although the changes are much larger. The 99Tc starts 

at a much higher C/C0 (127%), but also drops off only slightly for at least the first 3 BV. At the 5th BV the
C/C0 drops quite strongly to just under 50%, before rising again to almost 75% by the 7th BV. This 
behavior is attributed to displacement of 99Tc (with the feed) in the first 3 BV to 4 BV, followed by 
elution of 99TcO4

- from the bed by the 0.1 M NaOH. The observed elution of both 99Tc and 95mTcO4
- with 

0.1 M NaOH is consistent with information provided by the resin manufacturer that decreasing the ionic 
strength of the solution in contact with the SL-639 resin will elute perrhenate (ReO4

-), a surrogate for
TcO4

-, from the resin (King, 1999).
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The concentrations of sodium (Na), potassium (k), aluminum (Al) and hydroxide (OH-) in the feed 
displacement are shown in Figure 3.4.  The concentrations of Na, K, and Al are indicated on the left hand 
axis while the OH- concentration is shown on the right hand axis.  Both Y-axes are logarithmic scales in 
order to clearly show the large decreases in the concentrations.  The samples were taken at the effluent 
line from the lag column, after the solutions had passed sequentially through both columns.  Analytical 
results and calculations may be found in the appendix.

Figure 3.4.  Component Concentrations in Feed Displacement Samples

The concentrations of the four components do not change between the first and second samples
(first three BV) of the feed displacement, but a large decrease in all concentrations is observed in the third 
sample (5th BV). The displacement of the feed is reasonably sharp, with the concentrations of most 
components dropping 1.5 to 2 orders of magnitude between the 3rd and 7th bed volumes. The Na and OH-

concentrations do not drop as low as the others as they are present in the displacement solution. The feed 
components (excluding OH) are 66% to 84% reduced in the 5th BV, and 96% to 99% reduced in the 
7th BV.

The observed color change in the samples and the behavior of 99Tc, 95mTcO4
-, and the other feed analytes 

are all consistent with the conclusion that the first 3 BV to 4 BV consist of feed holdup. This is consistent 
with the estimated system holdup volume of 3 BV, as stated in Section 2.1. Based on this data, it is 
recommended that the feed displacement be terminated after the 5th bed volume. Elution continued with 
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the room temperature DI water rinse (see appendix for data). If a small amount of OH- can be tolerated in 
the eluate, it may be desirable to omit the room temperature DI water rinse and proceed directly to the 
50°C DI water elution. Assuming 2 BV of 0.1 M NaOH and 50 BV of DI eluate, the OH- concentration in 
the eluate would be approximately 0.004 M.

3.4 Column Test: Water Rinse, Elution, Eluant Rinse and 
Regeneration

The 0.1 M NaOH feed displacement was followed by a room temperature de-ionized (DI) water rinse of 
2.1 BV at 3.1 BV/hr (lead column only). The rinse was started on November 8, 1999, 67 hours after the 
feed displacement. (The column was left in the feed displacement solution over the weekend.) At the 
completion of the DI water rinse the lead column was eluted with DI water at 53.5°C at a rate of 1 BV/hr. 
The requested elution temperature was 50(+/- 5)°C; the water bath set point was set to 53.5°C to 
compensate in case the actual bed temperature was lower. As shown below, the bed temperature was most 
likely at the same temperature (+/- 0.3°C) as the water bath. The water bath reached 50°C within 12 
minutes while circulating water through the column jacket. The column was allowed to warm for about 
30 minutes before elution was started. The total time between the last rinse sample and the start of the 
elution was 2 hours 40 minutes. The eluate was collected in 1 BV increments. The elution was stopped at 
20 BV for 22 minutes to check the liquid level above the bed. Elution was stopped again at 37 BV for 
7.2 hours (overnight) to reduce RCT overtime and expense, and to investigate the effect of allowing the 
column to stand in DI water at temperature (53.5°C) for an extended period of time. The heater was left 
on during both breaks.

When the elution was stopped and the lead column had cooled to room temperature (overnight), it was 
rinsed with room temperature DI water at 6 BV/hr. Samples were collected in 1 BV increments. After 
2 BV, the feed tube was transferred to the 1 M NaOH reservoir for the regeneration, but the next 2 BV
were collected as DI rinse due to the holdup in the system, giving a total of 4 BV of DI rinse. The 
regenerate was then immediately collected (both columns) in a 6.4 BV batch. (The flow rate had 
increased to 6.4 BV/hr.) Collection of the regenerate was complete at 10:15 AM on November 11, 1999.

The 95mTcO4
- C/C0 for each sample was determined soon after collection (generally within an hour). The 

99Tc concentrations in selected samples were determined later by ICP-MS.  The elution, rinse and 
regeneration data are shown in Figure 3.5. The Y axis is a logarithmic scale to clearly show the large 
range of C/C0 values. (Note these are not %C/C0 values.)

The concentrations of 99Tc and 95mTcO4
- jumped sharply from the last room temperature DI rinse sample 

to peak in the 2nd eluate bed volume at C/C0 of 27 and 51, respectively. This is probably due both to the 
higher temperature of the water and to the 2.7 hours during which the loaded column sat in the water 
eluant. The elution tailed off slowly, however, only dropping to C/C0 of 0.24 at 22 BV. After a 22-minute
break, C/C0 jumped to about 0.4, and then tailed off slowly again. A larger, sharper rise in C/C0 was 
observed following a longer (7.2 hour) break, but again the concentration tailed off very slowly.
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Figure 3.5.  Elution, Eluant Rinse and Regeneration of Lead Column

The elution was continued for 8 hours after the last break. At that time C/C0 of the 95mTcO4
- tracer had 

dropped to 0.13. Subsequent analysis of 99Tc concentration by ICP-MS indicated that the 99Tc C/C0 was 
0.05 in the last sample. The water bath was turned off, and the column was allowed to cool overnight 
(about 16 hours), and then rinsed with 4 BV of room temperature DI water at 6.1 BV/hr. This rinse was 
collected in 1 BV increments. The C/C0 of both Tc isotopes in the first rinse sample were much lower 
than in the last elution sample, in spite of standing overnight in contact with the resin. When compared 
with the rises in C/C0 seen when the resin stood in contact with warm (50°C) eluant, the drop illustrates 
the large effect temperature has on the equilibrium of Tc between resin and eluant.

The C/C0 of both Tc isotopes dropped nearly an order of magnitude over the 4 BV rinse; both were less 
than 0.01 in the last sample. The concentration of 99Tc in the last elution sample was 2.7 µCi/L (0.160 
mg/L) and 0.26 µCi/L (0.015 mg/L) in the last rinse sample.

Although the 99Tc and 95mTcO4
- elution and rinse data track well, at any given point the magnitude of C/C0

for 99Tc is significantly lower than that for the tracer. This indicates that the ratio of Tc on the column to 
that in the feed is lower for 99Tc than it is for 95mTc. This is consistent with the observation that 99Tc did 
not load on the column while 95mTcO4

- did. The 99Tc observed to elute is that left from the initial partial 
loading with AW-101, minus the amount that eluted during the “loading” phase. The 95mTcO4

- observed to 
elute is that left from the initial partial loading with AW-101, plus the large amount that loaded during the 
loading phase. This difference between the ratio of 99Tc to 95mTc in the feed and on the column is reflected 
in the elution and rinse C/C0 values. 
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The 99Tc concentration in the 6.4 BV regenerate batch was found to be 0.14 µCi/L (0.008 mg/L), for a 
C/C0 of 0.003. The 95mTcO4

- C/C0 was found to be 0.002. Results of various analyses of a sample of the 
regenerate are shown in Table 3.4.

Table 3.4.  Composition of Regenerate

Concentration, µg/mL Concentration, M
Na 19200 0.83
K < 33.8 < 8.6E-4
Al 11.2 4.15E-4
OH- - 0.85
99Tc 0.008 (0.14 µCi/L) 8.1E-8
Density, g/mL - 1.04

The temperature of the resin bed during elution was assumed to be 50(+/- 5)°C. A thermocouple was 
subsequently placed at the top of a resin bed and the temperature was measured while the elution 
conditions were reproduced in order to check this assumption. The thermocouple was a K type enclosed 
in stainless steel. It was inserted along the long axis of the column and sealed in an elbow at the bottom, 
allowing flow during temperature measurement. The tip of the thermocouple, where the temperature is 
measured, was barely visible emerging from the top of the resin bed. This location, where the eluant first 
contacts the bed, is expected to be the coldest one in the bed. The resin bed used for the loading and 
elution test had been removed from the column for chemical analysis, so another bed was packed in the 
column. A shorter resin bed (3.4 cm) was required in order to locate the tip of the thermocouple at the top 
of the bed. The volume of the bed was therefore only 2.7 mL, about half the size of the bed used for the 
actual loading and elution test. The temperature at the top of the bed is expected to be independent of the 
bed volume when the flow rate (in mL/hr) is the same.

A plot of the temperature measured by the thermocouple at the top of the bed during ramp up and elution 
is shown in Figure 3.6. The zero is taken when the water bath started heating. The temperature was 
recorded every 5 sec. The bed temperature at ambient hood conditions was collected for 15 minutes 
before heating was started (not shown). The setpoint on the water bath was set to the same value as for the 
actual elution (53.5°C). The bed temperature was observed to lag behind the water bath temperature by 
about 1°C during heating. The bed temperature reached 50°C within 28 minutes. The temperature never 
dropped below 50°C again, but took 80 minutes (from the start of heating) to stabilize at 53.6°C. At 1 hr 
30 min elapsed time, the water bath setpoint was unintentionally reduced to 53.1°C, and the temperature 
dropped to 53.2°C, where it quickly restabilized (15 – 20 min).
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Figure 3.6.  Bed Temperature During Elution

Elution was started at about 2.3 hrs elapsed time (137 min). A slight (0.1 - 0.2°C) drop in the bed 
temperature is observed starting 20 min after the elution was begun. Evidently the drop was insufficient to 
change the water bath temperature and trigger a correction.  The elution was run for 4.5 hours. The data 
collection frequency was reduced to once every 10 min at about 3 hrs elapsed time. During the elution the
bed temperature varied between a low of 52.9°C and a high of 53.4°C. The average feed rate was found to 
be 5.46 mL/hr, somewhat faster than for the actual elution test (4.75 mL/hr).

The temperature drop observed 20 min after elution was started is attributed to the introduction of cold 
eluant at the top of the bed. The 20 min lag is attributed to preheating of the eluant in the flow adapter. 
The adapter assembly is in direct, tight contact with the water jacket, so it and the eluant in it were heated 
with the column. The time required for the eluant to descend the full length of the adapter is estimated to 
be 15 - 20 min at the flow rate used. The fact that the drop was only 0.2°C is attributed to preheating of 
the eluant and the slow feed rate. The eluant was warmed as it traversed sections of tubing taped to the 
much larger water bath circulation tubing, as it descended the flow adapter, and in the small head 
(approx. 0.16 mL) of eluant above the resin bed. 

In summary, the eluant temperature measured at the top of the resin bed remained between 52.9°C and 
53.4°C, within 0.3°C of the water bath setpoint, during the 4.5 hour elution. The top of the bed is 
expected to be the lowest temperature location, and the faster feed rate used in this elution test is expected
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to lead to a greater temperature drop than in the initial elution test. Therefore the assumption that the bed 
temperature was between 50°C and 55°C during the initial elution test appears justified. Note that 
preheating of the eluant is particularly important if the resin beds are loaded and eluted in the same 
direction, as in this test. The highest concentration of Tc will occur at the upstream end of the bed. If the 
bed is eluted in the same direction, the eluant must be at temperature when it first contacts the bed to 
ensure maximum elution of Tc.

The elution was faster than observed in a previous test when 0.5 M nitric acid (HNO3) at ambient (room) 
temperature was used as an eluant (Blanchard, Kurath, and Bontha, 2000). This is evident in a plot of the 
data from the two elutions, shown in Figure 3.7. The concentrations of 99Tc and 95mTcO4

- both peaked 
much higher and much more rapidly when DI water at 53.5°C was used. The comparison must be made 
with caution, however, since the Tc load on the column was almost certainly much lower for the elution 
reported here.

Figure 3.7.  Comparison of Elution with 0.5 M Nitric Acid at Ambient Temperature
 To Elution with De-ionized Water at 53.5°C

More testing to determine optimum elution conditions to minimize the overall process cycle time may be 
desirable. Testing could include: 1) investigating the relationship between extent of column loading and 
rate of Tc elution; 2) investigating the relationship between the length of soak time prior to the start of the 
elution and the rate of subsequent Tc elution; 3) investigating the relationship between C/C0 when the 

0.01

0.1

1

10

100

0 10 20 30 40 50

95mTcO
4

-, AN-107 Test

99Tc, AN-107 Test
95mTcO

4

-, AW-101 Test

99Tc, AW-101 Test

T
c 

C
/

C
0

Bed Volumes Processed

Eluant, AN-107 Test = DI Water @ 53.5 oC
Eluant, AW-101 Test = 0.5 M HNO

3
 @ Room Temp



3.16

elution is terminated and the amount of Tc that bleeds from the column with the next loading cycle; 
4) investigating the relationship between temperature and rate of Tc elution. 

The eluate samples were combined to produce a 145.9 mL composite, and a sample was submitted to the 
analytical laboratory for a number of analyses.  The results are shown in Table 3.5. The BNFL specified 
minimum reportable quantity (MRQ) levels for the components determined by ICP were all met. Sodium 
is the dominant constituent at 105 µg/mL (5 mM). Other significant components may have leached from 
the glassware used to hold the samples (Si, B). The total organic carbon and total inorganic carbon were 
both less then 20 µg C/mL, meeting the MRQ. The MRQ levels for the anionic components determined 
by IC were all met. Nitrate was the dominant anion at 19 µg/mL (0.3 mM). Chlorine, nitrite, sulfate and 
hydroxide were also present. 99Tc and 95mTc were the dominant radionuclides.

Table 3.5.   Analysis of Eluant Composite and Minimum Reportable Quantities

ICP
Components

BNFL
MRQ Anions and Carbon BNFL MRQ

µg/mL µg/mL µg/mL µg/mL
Al [0.46] 7.50E+01 TOC <20 1.50E+03
Ba [0.10] 7.80E+01 TIC <20 1.5E+02
Ca [1.9] 1.50E+02 F <0.3 1.5E+02
Cd <0.078 7.50E+00 Cl 15 3.0E+00
Co <0.26 3.00E+01 NO2 8 NMRQ
Cr <0.10 1.50E+01 Br <0.3 NMRQ
Cu <0.13 1.70E+01 NO3 19 3.0E+03
Fe <0.13 1.50E+02 SO4 1 2.3E+03
K <10. 7.50E+01 PO4 < 0.5 2.5E+03
La <0.26 3.50E+01 C2O4 < 0.5 NMRQ
Mg <0.52 1.50E+02 OH 0.002 M NMRQ
Mn <0.26 1.50E+02
Mo <0.26 9.00E+01 Radionuclides BNFL MRQ
Na 105 7.50E+01 µCi/mL µCi/mL
Ni [0.18] 3.00E+01 Cs -137 < 3.E-4 9.00E+00
Pb <0.52 3.00E+02 Cs -134 <2.E-4 NMRQ
Si [22] 1.70E+02 Sr-90 8.70E-4 1.50E-01
Sn <7.8 1.50E+03 Tc-99 6.08E-2 1.50E-03
Ti <0.13 1.70E+01 Tc-95m 4.50E-1 NMRQ
U <10. 6.00E+02 Am-241 <7E-4 7.20E-04
Zn <0.26 1.65E+01 Eu-154 <1.E-4 2.00E-03
B 10.5 NMRQ Eu-155 <7.E-4 9.00E-02
P <5.2 NMRQ Total Alpha 5.73E-6 2.30E-01
Notes:
Total volume of eluate = 145.9 mL
MRQ = minimum reportable quantity
NMRQ = no minimum reportable quantity
Overall error is estimated to be within +/- 15%
Values in brackets are within 10-times the detection limit and errors are likely to exceed +/- 15%
Tc-95m (61 day half-life) activity measured as of 12/17/99, 8:00 AM PST
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3.5 Column Test: Reloading of Eluted Column

Following the elution, rinse and regeneration of the lead column, AN-107 simulant and feed were 
processed through the column to determine the amount of residual Tc on the resin that would bleed into 
the effluent with the next loading cycle. Simulant loading was started on December 9, 1999 at 10:30 AM.
The column had been left in 1.0 M NaOH from the regeneration, so the first 3 BV of effluent were 
discarded. The simulant contained no 95mTcO4

- or 99Tc tracers. However, 95mTc was detected in the 
effluent indicating that some of the residual 95mTcO4

- on the column was bleeding into the effluent. Once a 
95mTcO4

- baseline was established (13.4 BV), the column was immediately flushed with 4.9 BV of 
0.1 M NaOH. No effort was made to eliminate holdup. The 0.1 M NaOH was observed to elute the 
95mTcO4

- slightly. The column was left overnight in the 0.1 M NaOH, and then loaded with actual AN-107
starting at 9:00 AM the next morning. Once a 95mTcO4

- baseline was established (29.8 BV), the column
was immediately flushed with 4.6 BV of the regenerant, 1.0 M NaOH.

As for the other phases of testing, the 95mTcO4
- C/C0 for each sample was determined soon after collection 

and the 99Tc concentrations in selected samples were determined later by ICP-MS. The 99Tc C0 used for 
calculating C/C0 values for the simulant was taken as C0 of the actual feed. (This was found to be 
45.0 µCi/L, 21% lower than the previous value of 57.1 µCi/L. Possible causes for this discrepancy are 
discussed below.) The data are plotted in Figure 3.8. The Y axis is linear and the C/C0 values are given as 
percentages for ease of comparison with the breakthrough curves in Figure 3.1. The last elution, rinse and 
regeneration data are shown for comparison. The start of simulant loading is taken as 0 BV. Raw data 
may be found in the appendix. The 89% C/C0 value corresponding to the expected maximum allowed 
effluent concentration needed to meet the average 99Tc limit in the LAW glass (0.1 Ci/m3) is indicated on 
the plot. This value is different from that in Figure 3.1 due to the difference in the measured C0 value.

Both 95mTcO4
- and 99Tc bleed from the column into the simulant at levels higher than observed in the last 

rinse sample and the regeneration sample. Both appear to dip and then rise very slightly, with 95mTcO4
-

near 5% and 99Tc near 2.5% after 13.4 BV. For comparison, the last rinse sample C/C0 were 0.8% and 
0.5%, for 95mTcO4

- and 99Tc, respectively. After a 2 BV lag due to holdup, the 0.1 M NaOH begins to 
elute both 95mTcO4

- and 99Tc.

The 95mTcO4
- continues to climb during another 2 BV lag as actual AN-107 is started loading, then drops 

to 5%. The contribution from the residual Tc on the column in this case is significant. The 95mTcO4
- C/C0

then rise in a fairly typical breakthrough curve, offset by the bleed from the residual 95mTcO4
- on the 

column. After another 2 BV lag, the C/C0 begin to drop with the 1.0 M NaOH regeneration, but more 
slowly than expected. 

In contrast to 95mTcO4
-, the 99Tc C/C0 rise sharply to 78% as the actual AN-107 is loaded. This 

breakthrough is attributed mostly to the non-pertechnetate present in the feed. The 22% 99Tc that was 
removed is slightly better than the target of 20% for Envelope C. After the initial sharp rise, the 99Tc C/C0

continue to rise slightly, as the pertechnetate 99Tc breakthrough increases on top of the presumably 
constant non-pertechnetate 99Tc breakthrough. The 99Tc C/C0 then drop sharply with the 1.0 M NaOH 
regeneration as the feed is displaced.
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Figure 3.8.  Reloading of Eluted Column with Simulant and Actual Feed

An immediate high 99Tc breakthrough (58%) was also observed during Phase IA testing by Hassan and 
McCabe (1997) for similar feed and the same resin, and was attributed to the presence of non-
pertechnetate technetium. Comparison with the data from that report must be made with caution, 
however, as the feed was prepared differently and virgin SL-639 resin was used for that study.

If it is assumed that the resin retains none of the non-pertechnetate, the fraction of non-pertechnetate Tc in 
the AN-107 may be calculated using the data in Figure 3.7. The initial 99Tc breakthrough is 78%. 
Subtracting the contribution from the column bleed (2.5%), the non-pertechnetate fraction is calculated to 
be about 75.5%, leaving 24.5% as TcO4

-.  This is close to the 29% estimated in Section 3.1, and certainly 
within the estimated error bars (± 10%). It is also consistent with a previous estimate (Kurath et al., 1999).

Bleed from the residual Tc on a loaded and eluted column results in immediate breakthrough of 2.5% to 
5%. For AN-107, this is dwarfed by the breakthrough of non-pertechnetate 99Tc. For other waste feeds 
and/or envelopes, the column bleed may represent a much larger fraction of the initial breakthrough.
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The plot suggests that a freshly eluted bed of SL-639 will remove sufficient 99Tc from AN-107 feed, 
under the test conditions, to meet the average 99Tc limit in the LAW glass without blending or additional 
alternate pretreatment. The C0 determined for this set of loading cycle tests, 45.0 µCi/L, is low relative to 
the value found for the first loading cycle test (57.1 µCi/L), although the same feed bottle was used. The 
first value found is consistent with three values found for this feed following Sr/TRU removal 
(54.7 µCi/L, 54.0 µCi/L, and 60.4 µCi/L, in sample DF-20, a duplicate of DF-20, and sample DF-21;
Hallen, Bredt, Brooks and Jagoda, 2000).

The cause of the difference in the two C0’s is unknown. If it is due to inadvertent dilution of the feed after 
the first set of tests, the expected average limit in Figure 3.8 would be reduced from 89% to 70%, the 
C/C0 values would remain the same (i.e., jump to 78% immediately on loading), and it would be 
concluded that SL-639 will not be able to remove sufficient Tc to meet the expected average limit in 
AN-107 feed. If the low C0 value is due to an error in only the feed sample analysis, the average limit in 
Figure 3.8 would be reduced to 70%, and the C/C0 values would be reduced as well. The curve would 
jump to only 62% and would climb to 64% over the 30 BV run. In that case it would be concluded that 
the SL-639 will be able to remove sufficient Tc from AN-107 to meet the average limit, but most likely 
for a limited volume of feed per load cycle.

In either case it appears that the ratio of 99Tc to sodium in AN-107 waste is low enough that SL-639 will 
provide sufficient Tc decontamination that the LAW limit can be met. If it is not possible to meet the 
limit specifically for AN-107 feed, it is expected that more than enough 99Tc can be removed from other 
envelopes so that the limit can be met on average. It has been demonstrated, for example, that more than 
enough 99Tc can be removed to meet the expected limit for AW-101, an Envelope A waste (Blanchard 
et al., 2000). However, other Envelope C wastes should be tested to confirm this, and to determine the 
removal requirements for the other envelopes. Although AN-107 is believed to have the largest fraction 
of inextractable Tc due to its high concentrations of organic complexants and complexant fragments, 
wastes from Tanks 241-SY-101 and 241-SY-103 contain over 4 times more Tc, and also have large 
fractions of inextractable Tc (50% or more; Blanchard et al., 1997).
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4.0 CONCLUSIONS AND RECOMENDATIONS

Batch contacts of various Tank AN-107 (Envelope C) waste feeds with SL-639 showed reasonable 
removal of TcO4

-  (65% - 87%), as measured by a 95mTcO4
- tracer, but showed low total Tc removal 

(11% - 22%), as measured by 99Tc.

An attempt to load 99Tc from AN-107 waste onto a 4.7 mL bed of SL-639 that had been partially 
loaded with 99Tc in a previous test of AW-101 waste resulted in elution of 99Tc from the column. 
Even after passing through a second, eluted, 4.7 mL bed, the minimum concentration of 99Tc in the 
effluent samples was greater than 54.7 µCi/L (3.21 mg/L). An overall DF of 0.96 was obtained using 
the two 4.7 mL beds in series, indicating that the concentration of 99Tc in the effluent was slightly 
higher than in the feed. The 99Tc concentration in the effluent was 59.3 µCi/L (3.47 mg/L). The poor 
performance is attributed to the presence of a large fraction of non-pertechnetate Tc in the AN-107
feed and the partially loaded column used for the tests.

Pertechnetate, as measured by a 95mTcO4
- tracer, was effectively removed by SL-639 during the small 

column test, in sharp contrast to results for total Tc. The maximum TcO4
- DFs for the first and second 

columns were 9.9 and 74, as determined from the C/C0 of the tracer in the first samples taken from 
the columns (after 10 BV). The relatively low values reflect the partially loaded lead bed used for the 
test. The overall TcO4

- DF, determined from the C/C0 of 95mTcO4
- for a sample of the effluent 

composite, was 22.5. Pertechnetate was not as effectively removed from this feed with this bed as it 
was from Tank 241-AW-101 (Envelope A) waste using virgin resin.

The feed displacement (0.1 M NaOH) volume of 7.5 BV was sufficient to flush feed from the 
columns, as indicated by the disappearance of the dark brown color of the feed and a 1.5 - 2 order of 
magnitude drop in the concentration of most feed components (Na, Al, P, etc.). However, the feed 
displacement appeared to elute Tc from the column slightly after the 5th BV. For this reason it is 
recommended that the feed displacement be terminated with the 5th BV. This feed displacement 
volume is larger than the assumed flow sheet volume, but the test system has a total system holdup in 
the pumps, valves and tubing equal to 3 bed volumes of resin.  A smaller holdup volume would likely 
allow a reduction in the required amount of feed displacement. A subsequent rinse of only the first 
column further reduced most feed components, but also continued to elute Tc slightly. 

Elution of the technetium-loaded columns with DI water at 53.5°C was much faster than a previous
elution using 0.5 M nitric acid at room temperature.  The concentration of 99Tc peaked in the 2nd BV 
at C/C0 = 27. The tail off was still quite slow, however, with more than 20 BV required to reach 
C/C0 = 0.10. When the 53.5°C DI water was allowed to stand in contact with the loaded resin, the 
concentration of Tc in the eluate samples increased when the elution was restarted. The longer the 
contact, the higher the concentration on restart. The tail off from these spikes was still quite slow, 
however. After 46 BV, C/C0 for 99Tc was less than 0.05. When the column had cooled to room 
temperature, a 4 BV DI water rinse decreased the C/C0 for 99Tc in the eluate samples by another order 
of magnitude, to 0.005.

The SL-639 was regenerated with 6.4 BV of 1.0 M NaOH. The regeneration effluent was collected in 
one batch, in which the 99Tc concentration was found to be 0.14 µCi/L (0.008 mg/L).

When AN-107 waste feed simulant containing no Tc was flushed through the eluted SL-639 bed, 
residual 99Tc was found to bleed from the resin (C/C0 = 2.5% relative to actual AN-107 feed). When 
actual AN-107 waste feed was then run through the column, there was immediate high breakthrough 



4.2

(C/C0 = 78%) of 99Tc. The 22% initial removal slightly exceeds the target of 20% for this envelope. 
Removal drops below 20% by the 20th bed volume.

Special analysis of the feed, and the 99mTcO4
- tracer results from the batch contacts and column tests, 

are all consistent with the presence of (29±10)% pertechnetate 99Tc in this feed, with the remainder
present as a non-pertechnetate form that is not removed by the SL-639 resin.

The average maximum allowed concentration in Envelope C feed to meet the ILAW glass limit for 
99Tc (0.1 Ci/m3) is expected to be 40 uCi/L (2.3 mg/L). Small column testing indicates that SL-639
will either barely provide, or not provide, sufficient 99Tc decontamination to meet the limit in glass 
made from AN-107 waste. However, it was previously shown that an Envelope A waste (AW-101)
can be 99Tc decontaminated to a greater extent than needed to meet the ILAW limit. It is expected that 
sufficient 99Tc can be removed from AW-101 and AN-107 wastes so that the average 99Tc
concentration in the ILAW glass produced from AW-101 and AN-107 wastes is less than or equal to 
the ILAW limit.

It is expected that this will be true in general – it will be possible to exceed the 99Tc removal 
requirements for Envelope A and B wastes, so that the average 99Tc concentrations in the ILAW 
glasses produced from Envelopes A, B, and C are less than or equal to the ILAW limit. The extent of 
99Tc removal possible in Envelope C waste will probably determine the required 99Tc removal in 
Envelopes A and B. The concentration of 99Tc in two other Envelope C wastes (241-SY-101 and 241-
SY-103) is approximately four times higher than in AN-107, and the fraction of non-pertechnetate
99Tc is expected to be nearly as high. Therefore it is recommended that flowsheet testing (including 
small column 99Tc decontamination tests) of these and other Envelope C wastes be performed to 
determine the extent of 99Tc removal possible in these wastes, and therefore the extent of 99Tc
removal required for Envelopes A and B.

Fouling of the resin bed was not observed.
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Appendix A:  Sample Identification

Sample ID Description
N7-Tc-0 Initial feed sample
N7-Tc-L1 through L17 Loading samples from lead column
N7-Tc-P1 through P9 Loading samples from lag column
AN-107 Tc IX Effluent – 1 Effluent composite container
N7-Tc-PW1 through PW9 Feed displacement samples
N7-Tc-PR1 and PR2 DI water rinse samples
N7-Tc-E1-1 through E1-45 Lead column eluate samples
N7-Tc-ELU-COMP Lead column eluate composite sample
N7-Tc-E1-R1 through R4 Lead column eluant rinse samples
N7-Tc-REG-01 Regeneration effluent composite container
N7-Tc-R01 Regeneration effluent composite sample
Tc-SL0 Actual feed sample, reloading test
Tc-SL2 through SL14 Simulant loading samples, reloading test
Tc-SW1 through SW4 Simulant displacement samples, reloading test
AN-Tc-L1 through L25 Actual feed loading samples, reloading test
AN-Tc-W1 through W4 Regeneration samples, reloading test



APPENDIX B



B.1

Appendix B:  Data Sheets, Analytical Data, and Calculations
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